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SEMICONDUCTOR DEVICE AND However , the conventional RC - IGBT has a problem in 
MANUFACTURING METHOD THEREOF that improvement in both recovery loss and recovery capa 

bility is difficult . 
BACKGROUND OF THE INVENTION 

SUMMARY 
Field of the Invention 

The present invention has been made in view of the above 
The present invention relates to a semiconductor device problem , and has an object to provide a technique capable of 

having an IGBT and a diode and manufacturing method improving both recovery loss and recovery capability . 
thereof . The present invention is a semiconductor device , includ 

ing a semiconductor substrate of a first conductive type in Description of the Background Art which an IGBT region and a diode region are defined in a 
plan view , a collector layer of a second conductive type Power devices , which are power semiconductor devices , disposed on a back surface side of the semiconductor are used in a wide range of fields such as home appliances , 15 

automobiles , and railways . In these fields , an inverter device substrate in the IGBT region , a base layer of a second 
for driving an inductive load such as an induction motor is conductive type disposed on a front surface side of the 
constructed with a power device in many cases . Inverter semiconductor substrate in the IGBT region , an emitter layer 
devices for these applications are constructed with multiple of a first conductive type selectively disposed on the base 
switching elements such as an insulated gate bipolar tran- 20 layer , a first contact layer of a second conductive type 
sistor ( IGBT ) or a metal - oxide - semiconductor field - effect selectively disposed on the base layer and having higher 
transistor ( MOSFET ) , and freewheeling diodes ( hereinafter , impurity concentration than that of the base layer , a plurality 
sometimes abbreviated as “ diode ” ) , and the like . Inverter of first trench electrodes respectively disposed in a plurality 
devices are required to have high efficiency and low power of first trenches that reach the semiconductor substrate from 
consumption , and higher performance and lower cost are 25 the emitter layer through the base layer , with a plurality of 
also demanded from the market for power semiconductor first insulating films interposed therebetween , an emitter 
devices constituting the inverter devices . electrode electrically connected to the emitter layer and the 

In order to meet these demands , a reverse conducting first contact layer , a cathode layer of a first conductive type 
IGBT ( RC - IGBT ) has been proposed in , for example , Japa- disposed on the back surface side of the semiconductor 
nese Patent Application Laid - Open No. 2008-53648 and H. 30 substrate in the diode region and having higher impurity 
Takahashi , et al , “ 1200V Reverse Conducting IGBT ” , Pro concentration than that of the semiconductor substrate , an 
c.ISPSD2004 , P. 133 - P . 136. In the RC - IGBT , the IGBT and anode layer of a second conductive type disposed on a front the diode are provided and integrated on the same semicon surface side of the semiconductor substrate in the diode ductor substrate , and advantages such as a reduction in the region , and a plurality of second trench electrodes respec area of the semiconductor device , a reduction in the number 35 tively disposed in a plurality of second trenches that reach of mounted elements , a reduction in the element mounting 
area , and a reduction in thermal resistance , and the like are the semiconductor substrate from the anode layer , with a 
obtained . In a general IGBT , only the P - type collector layer plurality of second insulating films interposed therebetween , 
is disposed on the back surface of the device , whereas in the so as to sandwich the anode layer in plan view . At least any 
RC - IGBT , a P - type collector layer and an N - type cathode 40 one of the plurality of first trench electrodes is electrically 
layer are disposed on the back surface of the device . The connected to a gate electrode . Each of the plurality of second 
anode on the front surface side has a uniform depth and is trench electrodes is electrically connected to the gate elec 
disposed in a flat shape . trode or the emitter electrode . The anode layer includes a 

The RC - IGBT has an IGBT region and a diode region first portion having a lower end located at a same position as 
provided with a freewheel diode for refluxing a current from 45 a lower end of the base layer or having a lower end located 
an inductive load . In the diode , recovery operation occurs above the lower end of the base layer and a second portion 
when the diode shifts from the on state at the time of reflux adjacent to the first portion in plan view , and whose lower 
to the off state . Here , the recovery operation , recovery loss , end is located above the lower end of the first portion . At 
and recovery capability of the diode will be briefly least a part of an upper portion of the second portion of the 
described . 50 anode layer is covered with the emitter electrode and is 
When the diode switches from the on state to the off state , electrically connected to the emitter electrode . 

electron carriers and hole carriers accumulated in the diode Improvement in both recovery loss and recovery capabil 
during the on time are discharged , so that a reverse current ity is ensured . 
flows from the cathode side toward the anode side . This These and other objects , features , aspects and advantages 
operation is called the recovery operation . The reverse 55 of the present invention will become more apparent from the 
current flowing during recovery is called a recovery current , following detailed description of the present invention when 
and power loss occurs depending on the current value , taken in conjunction with the accompanying drawings . 
applied voltage , and time during which the current flows . 
This power loss is called recovery loss . In order to operate BRIEF DESCRIPTION OF THE DRAWINGS 
the inverter device with low loss , low recovery loss is 60 
required for the diode built in the RC - IGBT . Meanwhile , FIG . 1 is a cross - sectional view illustrating a configura 
during the recovery operation , the carriers in the diode are tion of a semiconductor device according to Embodiment 1 ; 
discharged in a short time , so that a high current and a high FIGS . 2A to 2D are plan views illustrating a configuration 
voltage are generated , and if the reflux current exceeds the of a part of the semiconductor device according to Embodi 
limiting current of the diode , the diode becomes defective 65 ment 1 . 
during the recovery . The value of this limiting current is FIG . 3 is a cross - sectional view illustrating a configura 
called recovery capability . tion of a semiconductor device according to Embodiment 2 ; 
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FIG . 4 is a cross - sectional view illustrating a configura- < Configuration of IGBT Region 1a > 
tion of the semiconductor device to be compared with the On the back surface side of the semiconductor substrate 1 
semiconductor device according to Embodiment 2 ; in the IGBT region la , the collector layer 2 and the buffer 
FIG . 5 is a graph illustrating a simulation result of the layer 3 are disposed in this order toward the front side . The 

recovery loss . 5 N - type impurity concentration of the buffer layer 3 is higher 
FIGS . 6A and 6B are cross - sectional views for explaining than the N - type impurity concentration of the remainder of 

a ratio of an area of a second contact layer according to the semiconductor substrate 1 functioning as a drift layer . 
Embodiment 3 ; Although the buffer layer 3 is not essential , it can suppress 
FIG . 7 is a graph illustrating a simulation result of the the electric field from reaching the collector layer 2 , and can 

recovery loss . maintain good withstand voltage and tolerance , for example . 
FIG . 8 is a cross - sectional view illustrating a method of The collector layer 2 is connected to the collector electrode manufacturing a semiconductor device according to 15 . 

Embodiment 4 ; and A base layer 4 is disposed on the front surface side of the FIGS . 9A to 9C are diagrams illustrating examples of a semiconductor substrate in the IGBT region la . The resist pattern according to Embodiment 4 . position of the lower end of the base layer 4 is substantially 
DESCRIPTION OF THE PREFERRED the same in the horizontal direction . An emitter layer 5 and 

EMBODIMENTS a first contact layer 6 are selectively disposed on the base 
layer 4. The P - type impurity concentration of the first 

Hereinafter , a semiconductor device and a method of 20 contact layer 6 is higher than the P - type impurity concen 
manufacturing the same according to Embodiments of the tration of the base layer 4 . 
present invention will be described with reference to the A plurality of first trenches that reach the semiconductor 
drawings . Note that the configurations illustrated in the substrate 1 from the emitter layer 5 through the base layer 4 
drawings disclosed in Embodiments are mere examples , and are provided . Then , each of the plurality of first trench 
the present invention is not limited to the configurations . It 25 electrodes 7c is disposed in the plurality of first trenches 
should be noted that the drawings are schematically illus- with the plurality of first insulating films 7a interposed 
trated , and the sizes and the interrelationships between therebetween . First insulating films 7b are appropriately 
positions of the images illustrated in different drawings are disposed on the plurality of first trench electrodes 7c . 
not necessarily accurately drawn and can be changed as At least one of the plurality of first trench electrodes 7c is 
appropriate . In the following , although the conductivity type 30 electrically connected to the gate electrode . When some of 
of the semiconductor will be described assuming that the the first trench electrodes 7c are electrically connected to the 
first conductivity type is N - type and the second conductivity gate electrode , the rest of the first trench electrodes 7c may 
type is P - type , the first conductivity type may be P - type and be electrically connected the emitter electrode 9 . 
the second conductivity type may be N - type in a reverse The emitter electrode 9 is electrically connected to the 

35 emitter layer 5 and the first contact layer 6. In the example 
of FIG . 1 , the emitter electrode 9 is electrically connected to 

Embodiment 1 the emitter layer 5 and the first contact layer 6 with the first 
barrier metal layer 8 interposed therebetween . The first 

FIG . 1 is a cross - sectional view illustrating a configura- barrier metal layer 8 is formed by , for example , silicidation 
tion of an RC - IGBT which is a semiconductor device 40 in which a metal and a silicon semiconductor are brought 
according to Embodiment 1 . into contact with each other . Although the first barrier metal 

The RC - IGBT includes a semiconductor substrate 1 of layer 8 is not essential , it can reduce the contact resistance 
N - type , a collector layer 2 of Pt type , a buffer layer 3 of between the emitter electrode 9 and the emitter layer 5 and 
N - type , a base layer 4 of P - type , an emitter layer 5 of N * the first contact layer 6 . 
type , a contact layer 6 of P + type , first insulating films 7a , 76 , 45 The base layer 4 , the emitter layer 5 , the first contact layer 
a plurality of first trench electrodes 7c , a first barrier metal 6 , and the first trench electrode 7c described above constitute 
layer 8 , an emitter electrode 9 , a cathode layer 11 of N * type , a MOSFET . 
an anode layer 12 of P - type , second insulating films 13a , < Configuration of Diode Region 1b > 
13b , a plurality of second trench electrodes 13c , a second On the back surface side of the semiconductor substrate 1 
barrier metal layer 14 , a collector electrode 15 , and a gate 50 in the diode region 1b , the cathode layer 11 and the buffer 
electrode . layer 3 are disposed in this order toward the front side . The 

The semiconductor substrate 1 has an IGBT region la and N - type impurity concentration of the cathode layer 11 is 
a diode region 1b defined in plan view . The remainder of the higher than the N - type impurity concentration of the buffer 
semiconductor substrate 1 other than the collector layer 2 , layer 3. Although the buffer layer 3 is not essential , it can 
the buffer layer 3 , the base layer 4 , the emitter layer 5 , the 55 suppress the electric field from reaching the cathode layer 
first contact layer 6 , the cathode layer 11 , and the anode layer 11 , and can maintain good withstand voltage and tolerance , 
12 functions as a drift layer . As described later , an IGBT is for example . The cathode layer 11 is connected to the 
provided in the IGBT region la , and a diode such as a collector electrode 15. The collector electrode 15 also func 
freewheel diode is provided in the diode region 1b . tions as a cathode electrode , and the emitter electrode 9 also 

In the example of FIG . 1 , the IGBT region la and the 60 functions as an anode electrode . 
diode region 1b are adjacent to each other with the trench The anode layer 12 is disposed on the front surface side 
electrode as a boundary . However , it is not limited thereto of the semiconductor substrate 1 in the diode region 1b . The 
and the IGBT region la and the diode region 1b may be anode layer 12 will be described in detail later . As in the 
separated from each other by providing a boundary region example of FIG . 1 , by not disposing the emitter layer 5 
between the IGBT region la and the diode region 1b . The 65 disposed in the IGBT region la in the diode region 1b , 
semiconductor substrate 1 may be composed of a general suppression of the decrease in recovery capability due to the 
semiconductor wafer or an epitaxial growth layer . operation in the parasitic NPN is ensured . 

manner . 
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A plurality of second trenches that reach the semiconduc- the second barrier metal layer 14 interposed therebetween . 
tor substrate 1 from the anode layer 12 are provided . Then , That is , in the example of FIG . 1 , an insulating film such as 
each of the plurality of second trench electrodes 13c is an interlayer insulating film is not provided between at least 
disposed in the plurality of second trenches with the plural a part of the upper portion of the shallow portion 12b of the 
ity of second insulating films 13a interposed therebetween . 5 anode layer 12 and the emitter electrode 9. Although at least 
The plurality of second trench electrodes 13c are disposed so a part of the upper portion of the shallow portion 12b of the 
as to sandwich the anode layer 12. Second insulating films anode layer 12 may be directly connected to the emitter 13b are appropriately disposed on the plurality of second electrode 9 , the contact resistances between the anode layer 
trench electrodes 13c . 12 and the emitter electrode 9 can be reduced in the Each of the plurality of second trench electrodes 13c is 10 configuration in which the second barrier metal layer 14 is electrically connected to the gate electrode or the emitter disposed as illustrated in FIG . 1 . electrode 9. Noted that , each of the plurality of second trench 
electrodes 13c is preferably electrically connected to the Effect of Embodiment 1 emitter electrode 9 . 
Now , in Embodiment 1 , in mesa portions of the plurality 15 

of second trench electrodes 13c , the above - mentioned anode Generally , for reducing the recovery current and the 
layer 12 includes a deep portion 12a which is the first recovery loss , suppression of the carriers accumulated in the 
portion and a shallow portion 12b which is the second diode during the reflux is conceivable . The suppression of 
portion . The lower end of the deep portion 12a is located at carriers can be realized by lowering the impurity concen 
the same position as the lower end of the base layer 4 or 20 tration of the anode layer 12 in the diode region 1b or 
above the lower end of the base layer 4 in the IGBT region making the entire anode layer 12 shallow to effectively 
la . The shallow portion 12b is adjacent to the deep portion promote the discharge of electron carriers in the diode 
12a in plan view , and the lower end of the shallow portion during reflux . However , in the structure in which the impu 
12b is located above the lower end of the deep portion 12a . rity concentration of the anode layer 12 is low , or in the 
In Embodiment 1 , although the variation of the lower end of 25 structure in which the anode layer 12 is entirely shallow , 
the anode layer 12 between the deep portion 12a and the there is a problem that the on - voltage at the time of reflux 
shallow portion 12b is lax , the variation is not limited becomes high . Further , in the configurations , the resistance 
thereto . Further , although the shallow portion 12b is sur- at the time of discharging the holes accumulated in the diode 
rounded by the deep portions 12a in Embodiment 1 , the during the reflux and the holes generated by the impact 
present invention is not limited thereto . 30 ionization due to the high electric field during the recovery 

FIGS . 2A to 2D are plan views of the mesa portion operation is increased , and the depletion layer of the anode 
between the second trenches of the diode region 1b as layer 12 easily reaches the electrode at the high electric field 
viewed from the front surface side of the semiconductor during the recovery . As a res there is a problem that the 
substrate 1. In FIGS . 2A to 2D , the anode layer 12 is recovery capability is lowered . 
illustrated as a contour diagram . Specifically , in the anode 35 On the other hand , in Embodiment 1 , the deep portion 12a 
layer 12 , the portion where the lower end is located rela- and the shallow portion 12b of the anode layer 12 are 
tively lower in the cross - sectional structure of FIG . 1 is disposed in the mesa portion of the diode region sandwiched 
illustrated in darker color , and the portion where the lower between the second trench electrodes 13c . In the shallow 
end is located relatively upper in the cross - sectional struc- portion 12b , the potential barrier against electrons is small ; 
ture of FIG . 1 is illustrated in lighter color . Note that , in 40 therefore , the efficiency of discharging electrons from the 
FIGS . 2A to 2D , the outer contour of the second trench and remainders of the semiconductor substrate 1 functioning as 
the second insulating film 13a are substantially the same . the drift layer to the emitter electrode 9 is high during the 

The configuration of FIG . 2A corresponds to the cross- reflux operation . Therefore , the carrier density in the drift 
sectional structure of FIG . 1. As illustrated in FIG . 2A , a layer can be suppressed low , and the recovery loss during the 
structure in which the deep portion 12a is in contact with the 45 recovery operation can be reduced . 
second insulating film 13a may be adopted , or as illustrated Further , at least a part of the upper portion of the shallow 
in FIG . 2 B , a structure in which the shallow portion 12b is portion 12b of the anode layer 12 is electrically connected to 
in contact with the second insulating film 13a may be the emitter electrode 9 ; therefore , the electrons are efficiently 
adopted . Further , as illustrated in FIGS . 2A and 2B , the deep discharged without passing through the deep portion 12a of 
portions 12a and the shallow portions 12b may be alter- 50 the anode layer 12 to the emitter electrode 9. The shallow 
nately disposed in a state of being parallel to the extending portion 12b having a function of discharging electrons may 
direction of the second insulating film 13a . Also as illus- be Schottky - connected or ohmic - connected to the emitter 
trated in FIG . 2C , the deep portions 12a and the shallow electrode 9. However , according to the configuration in 
portions 12b may be alternately disposed in a state being which the shallow portion 12b is ohmic - connected to the 
orthogonal to the extending direction of the second insulat- 55 emitter electrode 9 , the electron discharging effect can be 
ing film 13a . Further , one of the deep portion 12a and the enhanced as compared with the configuration in which the 
shallow portion 12b may be disposed in an island shaped shallow portion 12b is Schottky - connected to the emitter 
pattern so as to be surrounded by the other . Note that , in electrode 9 . 
FIGS . 2A to 2D illustrate examples of disposition of the The lower end of the deep portion 12a of the anode layer 
deep portion 12a and the shallow portion 12b , and disposi- 60 12 is located at the same position as the lower end of the base 
tion other than those illustrated in FIGS . 2A to 2D may be layer 4 or above the lower end of the base layer 4 in the 
used . IGBT region la ; therefore , suppression of the withstand 

Returning to FIG . 1 , the anode layer 12 is electrically voltage from lowering is ensured . 
connected to the emitter electrode 9. In the example of FIG . Further , the shallow portion 12b is adjacent to the deep 
1 , at least a part of the upper portion of the shallow portion 65 portion 12a , a low resistance region for holes can be secured , 
12b of the anode layer 12 is covered with the emitter and the depletion layer can be prevented from reaching the 
electrode 9 and is connected to the emitter electrode 9 with front surface of the diode . In addition , when the shallow 

2 
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portion 12b is configured to be surrounded by the deep of the RC - IGBT was cut out is used . Further , the ratio of the 
portion 12a , the above - described suppression effect can be area of the second contact layer 22 to the total area of the 
enhanced . second contact layer 22 and the anode layer 12 sandwiched 

Further , the mesa portion is sandwiched between the between a pair of second trench electrodes 13c in plan view 
second trench electrodes 13c ; therefore , suppression of the 5 of the structure is set to 50 % . The above total area is the 
potential of the anode layer 12 from rising is ensured , due to same as the contact area of the anode electrode ( correspond 
the field plate effect due to the potential of the second trench ing to the emitter electrode 9 ) . The area ratio of the second 
electrodes 13c . The second trench electrode 13c may be contact layer 22 will be described in detail in Embodiment 
connected to the gate electrode or the emitter electrode 9 , 3 . 
however , the potential of the emitter electrode 9 is always or 10 As can be seen from the result of FIG . 5 , even if the 
almost the lowest potential ; therefore , the connection to the above - described ratio of the second contact layer 22 that 
emitter electrode 9 can enhance the above - mentioned sup- hampers electron discharge is the same , the effect of reduc 
pression effect more . urther , the narrower the pitch of the ing recovery loss can be enhanced according to the RC 
second trench electrodes 13c , the higher the field plate effect IGBT of Embodiment 2 in which the second contact layer 22 
can be . Therefore , the pitch of the second trench electrodes 15 is disposed in an appropriate location . That is , by disposing 
13c is preferably a pitch equal to or less than a certain the second contact layer 22 on the anode layer 12 other than 
distance , for example , a pitch of 10 um or less is preferable . at least a part of the upper portion of the shallow portions 

12b , the effect of reducing recovery loss can be enhanced . 
Embodiment 2 According to the RC - IGBT according to Embodiment 2 as 

20 described above , the reduction in the on - voltage during the 
FIG . 3 is a cross - sectional view illustrating a configura- reflux operation , and maintaining of the recovery capability 

tion of an RC - IGBT which is a semiconductor device in a good condition are ensured while reducing the recovery 
according to Embodiment 2. Hereinafter , of the components loss . 
according to Embodiment 2 , the same or similar reference 
numerals are given to the same or similar components as 25 Embodiment 3 
those described above , and different components will be 
mainly described . The cross - sectional view illustrating a configuration of the 

The configuration of the RC - IGBT in FIG . 3 is a con- RC - IGBT which is a semiconductor device according to 
figuration in which a Pt type second contact layer 22 is Embodiment 3 is substantially the same as the cross - sec 
added to the configuration of the RC - IGBT in FIG . 1. The 30 tional view of FIG . 3 , and therefore the illustration thereof 
second contact layer 22 is disposed on the anode layer 12 is omitted . Hereinafter , of the components according to 
other than at least a part of the upper portion of the shallow Embodiment 3 , the same or similar reference numerals are 
portion 12b in the mesa portion of the diode region 1b . That given to the same or similar components as those described 
is , the second contact layer 22 is not disposed in at least a above , and different components will be mainly described . 
part of the shallow portions 12b of the anode layer 12 that 35 In Embodiment 3 , the ratio of the area of the second 
is electrically connected to the emitter electrode 9. The contact layer 22 to the total area of the second contact layer 
P - type impurity concentration of the second contact layer 22 22 and the anode layer 12 sandwiched between a pair of 
is higher than the P - type impurity concentration of the second trench electrodes 13c in plan view is 80 % or lower . 
P - type anode layer 12 . Further , in Embodiment 4 , the ratio is 30 % or higher . 

FIGS . 6A and 6B are diagrams for explaining the above 
Effect of Embodiment 2 mentioned ratio of the area of the second contact layer 22 . 

Note that FIG . 6A is a cross - sectional view illustrating a 
By disposing the high - concentration second contact layer simulation model corresponding to the RC - IGBT according 

22 in the diode region 1b , the connectivity between the to Embodiment 3. FIG . 6B is a cross - sectional view illus 
anode layer 12 and the emitter electrode 9 can be enhanced . 45 trating a simulation model corresponding to the RC - IGBT to 
As a result , the on - voltage during the reflux operation can be be compared with the RC - IGBT according to Embodiment 
reduced , and the recovery capability during recovery can be 3. In the RC - IGBT to be compared in FIG . 6B , the position 
maintained in a good condition . of the lower end of the anode layer 12 is substantially the 
On the other hand , the second contact layer 22 has a same in the horizontal direction . 

higher concentration than the anode layer 12 ; therefore , the 50 The total area of the second contact layer 22 and the anode 
second contact layer 22 acts as a high potential barrier layer 12 sandwiched between a pair of second trench elec 
against electrons . However , in Embodiment 2 , the second trodes 13c in plan view is , as illustrated in FIGS . 69 and 6B , 
contact layer 22 is not disposed in at least a part of the the same as the portion of the contact area B in the emitter 
shallow portions 12b of the anode layer 12 that is electrically electrode 9 , that functions as the anode electrode . The area 
connected to the emitter electrode 9 ; therefore , the recovery 55 of the second contact layer 22 is the same as the areas A1 , 
loss can be reduced without hampering the discharge of A2 , and A3 of the second contact layer 22 , as illustrated in 
electrons . FIGS . 6A and 6B . Therefore , the above ratio is defined by 
FIG . 4 is a cross - sectional view illustrating a configura- ( A1 + A2 + A3 ) / B . 

tion of an RC - IGBT to be compared with the RC - IGBT 
according to Embodiment 2. In the RC - IGBT to be com- 60 Effect of Embodiment 3 
pared , the second contact layer 22 is disposed on all of the 
shallow portions 12b of the anode layer 12 that are electri- FIG . 7 is a graph illustrating a simulation result of FIGS . 
cally connected to the emitter electrode 9 . 6A and 6B , for the recovery loss . The simulation result of the 
FIG . 5 is a graph illustrating a simulation result of the model of FIG . 6A corresponding to the RC - IGBT according 

recovery loss of the RC - IGBT according to Embodiment 2 65 to Embodiment 3 is indicated by a solid line , and the 
( FIG . 3 ) and the RC - IGBT to be compared ( FIG . 4 ) . In the simulation result of a model of FIG . 6B corresponding to the 
simulation , the structure in which only the diode region 1b RC - IGBT to be compared is indicated by a broken line . 
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As can be seen from the broken line in FIG . 7 , in the layer 12 and the amount of thermal diffusion treatment . Note 
RC - IGBT to be compared , although the recovery loss is that , FIGS . 9A to 9C illustrate the examples of patterns of 
reduced as the area ratio of the second contact layer 22 the resist 26. The patterns of the resist 26 according to 
reduces , the degree of recovery loss reduction is small . On Embodiment 4 are not limited to the patterns illustrated in 
the other hand , as can be seen from the solid line in FIG . 7 , 5 FIGS . 9A to 9C . Note that another implantation mask pattern 
in the RC - IGBT according to Embodiment 3 , the degree of for forming the second contact layer 22 is also used to 
recovery loss reduction is greater as the area ratio of the manufacture the RC - IGBT according to Embodiment 2 . 
second contact layer 22 reduces . When the area ratio of the 
second contact layer 22 is 80 % or lower , the loss reduction Effect of Embodiment 4 
amount is saturated , and a substantially equivalent loss 10 
reduction effect can be obtained . According to the verifica- In a general RC - IGBT , the impurity concentration 
tion by the simulation of FIG . 7 , Embodiment 3 is config- required for the anode layer 12 formed in the diode region 
ured such that the area ratio of the second contact layer 22 1b is lower than the impurity concentration required for the 
is 80 % or lower . With such a configuration , the recovery loss impurity concentration of the base layer 4 formed in the 
can be effectively reduced . 15 IGBT region la so that recovery loss can be suppressed . 

Generally , when the area ratio of the second contact layer Therefore , although if the impurity implantation step for the 
22 becomes smaller , the connection resistance between the base layer 4 and the impurity implantation step for the anode 
anode layer 12 and the emitter electrode 9 rises , which leads layer 12 are performed in one step , an increase in manufac 
to the deterioration of the on - voltage during the reflux turing cost can be suppressed , the impurity concentration in 
operation and the deterioration of the recovery capability 20 the anode layer 12 becomes relatively high and the recovery 
during recovery . Accordingly , Embodiment 3 is configured loss will be large . 
such that the area ratio of the second contact layer 22 is 30 % On the other hand , according to the manufacturing 
or higher . With such a configuration , the connectivity method of Embodiment 4 , the impurity concentration of the 
between the anode layer 12 and the emitter electrode 9 anode layer 12 can be appropriately reduced by the resist 26 ; 
be secured without sacrificing the recovery loss , and the 25 therefore , the impurity implantation step of the base layer 4 
on - voltage during the reflux operation and the recovery and the impurity implantation of the anode layer 12 are 
capability during the recovery can be maintained in good performed in one step . This ensures an RC - IGBT with 
condition . reduced recovery loss to be manufactured while suppressing 

an increase in manufacturing cost . 
Embodiment 4 < Modification > 

In the above description , although the IGBT provided in 
Embodiment 4 of the present invention relates to a the IGBT region la is assumed to be an N - channel type 

method of manufacturing capable of manufacturing the device , the same effect as above can be obtained with a 
RC - IGBT according to Embodiments 1 to 3 while suppress- P - channel type device in which all P - type and N - type are 
ing an increase in manufacturing cost . FIG . 8 is a cross- 35 inverted from those in the above IGBT . 
sectional view illustrating a method of manufacturing the Further , in the above description , although the semicon 
RC - IGBT according to Embodiment 4. Hereinafter , of the ductor used for the RC - IGBT is described as being silicon , 
components according to Embodiment 4 , the same or similar the semiconductor is not limited thereto , and may be silicon 
reference numerals are given to the same or similar com- carbide , for example . 
ponents as those described above , and the description 40 It should be noted that Embodiments and Modification of 
thereof is made . the present invention can be arbitrarily combined and can be 
As illustrated in FIG . 8 , first , a resist 26 used as an appropriately modified or omitted without departing from 

implantation mask is selectively formed on the surface of the the scope of the invention . 
semiconductor substrate 1 in the diode region 1b . Then , While the invention has been shown and described in 
P - type impurities are implanted into the front surface of the 45 detail , the foregoing description is in all aspects illustrative 
semiconductor substrate 1 in the IGBT region la and the and not restrictive . It is therefore understood that numerous 
exposed portion of the front surface of the semiconductor modifications and variations can be devised without depart 
substrate 1 in the diode region 1b , which is exposed from the ing from the scope of the invention . 
resist 26. As a result , an impurity portion 27 is formed in the 
IGBT region 1a , and an impurity portion 28 is formed in the 50 What is claimed is : 
exposed portion of the diode region 1b . 1. A semiconductor device , comprising : 

Then , a process of thermally diffusing the impurities in a semiconductor substrate of a first conductive type in 
the impurity portions 27 and 28 is performed . By the thermal which an IGBT region and a diode region are defined 
diffusion treatment , the base layer 4 is formed in the IGBT in a plan view ; 
region la . Further , by the thermal diffusion treatment , in the 55 a collector layer of a second conductive type disposed on 
diode region 1b , the deep portion 12a of the anode layer 12 a back surface side of the semiconductor substrate in 
is formed in at least a part of the impurity portion 28 , which the IGBT region ; 
is a portion into which impurities are implanted , and the a base layer of the second conductive type disposed on a 
shallow portion 12b is formed in the portion adjacent to the front surface side of the semiconductor substrate in the 
at least the part thereof in plan view . IGBT region ; 

FIGS . 9A to 9C are diagrams illustrating examples of an emitter layer of the first conductive type selectively 
patterns of the resist 26 , that is , implantation mask patterns . disposed on the base layer ; 
As illustrated in FIGS . 9A to 9C , the pattern of the resist 26 a first contact layer of the second conductive type selec 
can be a stripe type , a lattice type , a honeycomb type pattern , tively disposed on the base layer and having higher 
or a pattern obtained by inverting these patterns . The pattern 65 impurity concentration than that of the base layer ; 
of the resist 26 is selected according to the required con- a plurality of first trench electrodes respectively disposed 
centration difference between the base layer 4 and the anode in a plurality of first trenches that reach the semicon 
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ductor substrate from the emitter layer through the base wiched between a pair of the second trench electrodes 
layer , with a plurality of first insulating films interposed in plan view is 80 % or lower . 
therebetween ; 4. The semiconductor device according to claim 2 , 

an emitter electrode electrically connected to the emitter wherein 
layer and the first contact layer ; a ratio of an area of the second contact layer to a total area 

a cathode layer of the first conductive type disposed on the of the second contact layer and the anode layer sand 
back surface side of the semiconductor substrate in the wiched between a pair of the second trench electrodes diode region and having higher impurity concentration in plan view is 30 % or higher . 
than that of the semiconductor substrate ; 5. A manufacturing method of the semiconductor device an anode layer of the second conductive type disposed on 10 according to claim 1 , comprising the steps of : the front surface side of the semiconductor substrate in 
the diode region ; and selectively forming a resist on a front surface of the 

semiconductor substrate in the diode region ; a plurality of second trench electrodes respectively dis 
posed in a plurality of second trenches that reach the implanting impurities of the second conductive type into 

a front surface of the semiconductor substrate in the semiconductor substrate from the anode layer , with a 15 
plurality of second insulating films interposed therebe IGBT region and an exposed portion of the front 

surface of the semiconductor substrate in the diode tween , so as to sandwich the anode layer in plan view , 
wherein region , which is exposed from the resist ; and 

at least any one of the plurality of first trench electrodes by performing thermal diffusion treatment , forming the 
is electrically connected to a gate electrode , base layer in the IGBT region , forming the first portion 

each of the plurality of second trench electrodes is elec in at least a part of a portion into which the impurities 
trically connected to the gate electrode or the emitter are implanted in the diode region , and forming the 
electrode , second portion in a portion adjacent to the at least the 

the anode layer includes a first portion having a lower end part thereof in plan view . 
located at a same position as a lower end of the base 25 6. The semiconductor device according to claim 1 , 

wherein layer or having a lower end located above the lower end 
of the base layer and a second portion adjacent to the the diode region includes a freewheeling diode . 
first portion in plan view , and whose lower end is 7. The semiconductor device according to claim 1 , 

wherein located above the lower end of the first portion , and 
at least a part of an upper portion of the second portion of 30 the first portion and the second portion have respective 

the anode layer is covered with the emitter electrode impurity concentrations equal to or less than the impu 
and is electrically connected to the emitter electrode . rity concentration of the base layer . 

2. The semiconductor device according to claim 1 , further 8. The semiconductor device according to claim 1 , 
wherein comprising 

a second contact layer of the second conductive type 35 at least two second portions respectively are positioned 
disposed on the anode layer other than at least the part adjacent to each of opposite sides of the first portion in 
of the upper portion of the second portion and having plan view . 
higher impurity concentration than that of the anode 9. The semiconductor device according to claim 1 , 

wherein layer . in cross - sectional view , the lower end of the second 3. The semiconductor device according to claim 2 , 40 
wherein portion of the anode layer includes a spiny concave 

a ratio of an area of the second contact layer to a total area part . 

of the second contact layer and the anode layer sand 

a 


